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amenable to labeling by MBP fusion. This technique is extremely versatile and
precise; it can be readily expanded to other organisms and to other labels, and
will be useful for a wide range of structural analyses.
954-Plat
Fast Shape-Based Global and Local Electron Density Map Search
Juan Esquivel-Rodriguez1, Xusi Han2, Charles Christoffer1, Xuejiao Kang1,
Lyman Monroe2, Daisuke Kihara3.
1Computer Sci, Purdue University, West Lafayette, IN, USA, 2Biological
Sciences, Purdue University, West Lafayette, IN, USA, 3Biological Sciences/
Computer Sci, Purdue University, West Lafayette, IN, USA.
The Electron Microscopy DataBank (EMDB) is growing rapidly, accumulating
biological structural data obtained cryo-electron microscopy (cryo-EM). Cryo-
EM is an emerging technique for determining large biomolecular complexes
and subcellular structures. Together with the Protein Data Bank (PDB),
EMDB is becoming a fundamental resource of the tertiary structures of biolog-
ical macromolecules. To take full advantage of this indispensable resource, the
ability to search the database by structural similarity is essential. However, un-
like high-resolution structures stored in PDB, methods for comparing low-
resolution EM density maps are not well established. Here, we developed a
novel computational method for efficiently searching EM maps. The method
uses a compact fingerprint representation of EM maps based on the 3D Zernike
descriptor, which is a mathematical series expansion for representing isosurface
shape of EM maps. The method was implemented in a web server, named EM-
SURFER (http://kiharalab.org/em-surfer/), which allows users to search against
the entire EMDB with over 2400 entries in a few seconds. By combing with
map segmentation, the method can also identify corresponding local regions
in EMmaps. Examples of search results from different types of query structures
are discussed. The unique capability of EM-SURFER to detect 3D shape
similarity of low-resolution EM maps should prove invaluable in structural
biology.
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Host cell factor cyclophilin A (CypA) plays an important role in modulating
HIV-1 capsid function. Several other host cell proteins, including TRIMCyp
and NUP358, contain a CypA domain that interacts directly with viral capsid.
The binding of the host protein CypA to the viral capsid is important for infec-
tion, yet the structural effects of this binding have not been identified.We deter-
mined the cryoEM structure of CypA in complex with an HIV-1 capsid
assembly at 8 A˚ resolution. The density map displays a non-random, selective
binding of CypA along the most curved helical direction, forming a bridge
directly above the CA CTD-CTD dimer interface cross the adjacent CA hexam-
ers. CryoEM structure-based modeling and large scale all-atoms molecular
dynamics simulations reveal unexpectedly that one CypA molecule simulta-
neously interacts with two CA molecules through a non-canonical novel
interface. The individual residuals critical for the interactions were further
identified by solution and solid state NMR and confirmed by mutagenesis
studies. Our combined cryoEM, computational and NMR studies provide
mechanistic insights into the functional role of CypA in modulating capsid
uncoating and viral infectivity, and our structure further highlights the novel
CypA and CA interface as an attractive therapeutic target for pharmacological
intervention.
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High-resolution structures of proteins and protein complexes are currently
determined using either X-ray crystallography, NMR spectroscopy, or nowalso cryo-electron microscopy (cryo-EM). The highest resolutions achieved
by cryo-EM have been typically restricted to large, well-ordered entities
such as helical or icosahedral assemblies or 2D crystals. However, we show
that emerging methods in single-particle cryo-EM now allow structure deter-
mination at near-atomic resolution, even for much smaller protein complexes
with low symmetry. We solved the structure of the ~465-kDa Escherichia coli
b-galactosidase at ~3.2-A˚ resolution using single-particle cryo-EM. At this
resolution, the majority of the side-chains, the N-termini, and the geometry
of the active sites, including a catalytic Mg2þ-ion, can be clearly discerned
in the density map. Inspection of the map reveals that while densities for
residues with positively charged and neutral side-chains are well resolved,
systematically weaker densities are observed for residues with negatively
charged side-chains. The negatively charged glutamate and aspartate show
on average 30% less density than the similarly sized neutral glutamine
and asparagine. This observation is independent of the exposure of these res-
idues to solvent. Analysis of other high-resolution cryo-EM structures
reveals similar weaker densities for these types of residues. Radiation damage
in X-ray crystallography has been linked to decarboxylation of glutamate
and aspartate residues, breakage of disulfide bonds, loss of hydroxyl-groups
from tyrosine and methylthio-group of methionine. We now show that
negatively charged residues exhibit more pronounced effects of radiation
damage in structures solved by cryo-EM. We determined that the degree of
damage is dose dependent by comparison of density maps obtained using
electron doses ranging from 10-30 electrons/A˚2. In summary, we establish
the feasibility of determining structures at near-atomic resolution and provide
a measure of the effects of radiation damage in high-resolution cryo-electron
microscopy.
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Serial block-face scanning electron microscopy (SBF-SEM) provides three-
dimensional ultrastructure of biological tissues at the nanometer scale (Denk
and Horstmann, 2004). Previous studies have applied this technique to
visualize the architecture of pancreatic islets of Langerhans in wild-type
mice. Initial results indicate that an average beta cell has almost twice the
cellular volume of an average alpha cell and four times the mitochondrial
volume, whereas the nuclear volumes in both cell types are approximately
equal. Comparisons of insulin-secreting beta granules and glucagon-secreting
alpha granules show that the beta granules have more pronounced halos and
diameters twice that of the alpha granules. In addition, three-dimensional
rendering of islet blood vessels reveals that all secretory cells in an islet are
in contact with the pericapillary space with an average contact area of 9%
þ/ 5% of the plasma membrane’s surface. We are currently applying SBF-
SEM to determine quantitatively how islet morphology differs between
genotypes in wild type, non-obese diabetic (NOD) and IA-2/IA-2 beta
double-knockout mice. Such quantitative analysis of ultrastructural differences
between controls and diabetes-related animal models could help further under-
standing of disease. The research was supported by the intramural programs of
NIBIB and NIDCR.
Denk, W., & Horstmann, H. (2004). Serial block-face scanning electron micro-
scopy to reconstruct three-dimensional tissue nanostructure. PLoS biology,
2(11), e329.
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Correlative optical and electron microscopy has the potential to provide detail
on the organization of biological static structures at multiple length scales, but
conflicting technical requirements on experimental design, molecular identifi-
cation, and sample preparation present major obstacles. While fluorescence
microscopy is usually impossible in an electron microscope, we present nonde-
structive fluorescence imaging of biological samples in an SEM. Our novel
chamber allows a scanned electron beam to indirectly excite fluorescence
with nanometer-scale resolution while simultaneously protecting the sample
Monday, February 9, 2015 191afrom electron damage. The sample, tagged with organic dyes, is placed on a
scintillating cerium-doped yttrium aluminum perovskite (YAP) film. A focused
electron beam is then used to generate optical excitations at a specific location
on the film opposite the sample, thus forming a 20-nm illumination volume that
excites fluorophores. Dye fluorescence is collected within the electron micro-
scope and, as the beam is scanned, an image is formed.
In order to completely block a low-voltage electron beam yet maximize the
optical excitation intensity, an extremely thin YAP film is required. We
have succeeded in fabricating a 20-nm thick suspended YAP film over an
area 30 microns wide via molecular beam epitaxy, pulsed laser deposition,
and deep reactive ion etching. Using our ultrathin scintillating films, we
demonstrate superresolution imaging of fluorescently labeled particles
and polymers. This technique has the potential to revolutionize correlative
microscopy by combining a scanned electron probe with fluorescence
detection in the same instrument, at the same time. In general, due to its
nondestructive nature, it holds great promise as an alternative multiscale fluo-
rescence microscopy, with resolution tunable from tens of nanometers up to
microns, especially for damage-sensitive or highly dynamic cellular struc-
tures. We are applying this tool toward the study of biologically-inspired
nanostructures, thylakoid membrane organization, and molecular motor
dynamics.
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Small angle X-ray and neutron scattering (SAS) experiments and molecular
modelling offer powerful tools to understand protein behaviour in solution.
SAS experiments have made huge strides in the last two decades due to
improved instrumentation and sources. Until recently, using atomistic simula-
tions to interpret SAS experiments has been infrequent. This requires inte-
grating the SAS data with molecular modelling software to reveal how
biological structures change in time and space under varying experimental con-
ditions. Recent examples of this approach include new structures for human
IgG4 antibody and complement C3b that clarified their function. In order to
provide open-source and user-friendly tools for SAS fits based on a web inter-
face, CCP-SAS was set up as a joint UK/USA collaboration. Our project com-
bines existing and novel tools for atomistic modelling trials creation (such as
SASSIE) and scattering curve calculation (SCT and SASCalc) with a combined
workflow and transparent access to high performance computing resources via
the GenApp framework. This novel CCP-SAS approach is being evaluated us-
ing complement proteins and antibodies. The combination of crystal structures
and atomistic modelling of SAS data for fragments of MASP in the comple-
ment lectin pathway using SASSIE and SCT is revealing the solution structure
of the intact dimer of MASP, and new insights on its function. The combina-
tions of new glycan modelling of hinge structures in IgA1 antibodies and crys-
tal structures for the IgA1 Fab and Fc regions is revealing its unique structure
for its monomer and dimer forms. Details of how these atomistic molecular
modelling approaches were applied to these problems will be critically
reviewed.
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Small and wide angle X-ray scattering (SWAXS) and molecular dynamics
(MD) simulations are complementary approaches that probe conformational
transitions of biomolecules in solution, even in a time-resolved manner. How-
ever, the structural interpretation of the scattering signals is challenging, while
MD simulations frequently suffer from incomplete sampling or from a force
field bias.
To combine the advantages of both techniques, we present a method that
incorporates solution scattering data into explicit-solvent MD simulations,
termed SWAXS-driven MD, with the aim to direct the simulation into con-
formations satisfying the experimental data [1]. Because the calculations fully
rely on explicit solvent, no fitting parameters associated with the solvation layer
or excluded solvent are required, and the calculations remain valid at wide
angles [2].The complementarity of SWAXS and MD is illustrated using three biological
examples, namely a periplasmic binding protein, aspartate carbamoyltransfer-
ase, and a nuclear exportin. The examples suggest that SWAXS-driven MD is
capable of refining structures against SWAXS data without foreknowledge of
possible reaction paths. In turn, the SWAXS data accelerates conformational
transitions in MD simulations and reduces the force field bias. Extensions
towards the interpretation of anisotropic X-ray scattering data are discussed [3].
References:
[1] Chen & Hub, Interpretation of solution X-ray scattering by explicit-solvent
molecular dynamics, submitted
[2] Chen & Hub, Validating solution ensembles from molecular dynamics
simulation by wide-angle X-ray scattering data, Biophys. J. 107, 435-447
(2014)
[3] Brinkmann & Hub, Calculating anisotropic WAXS patterns from molecular
dynamics simulations, in preparationPlatform: Ligand-gated Channels
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Pentameric ligand-gated ion channels (pLGICs) play a fundamental role in syn-
aptic communication and are the sites of action of numerous allosteric modu-
lators. Recently acquired data suggest that the outermost transmembrane
helix, M4, is central to the potentiation of gating observed with some allosteric
modulators that interact with the transmembrane domain. Specifically,
enhanced interactions between M4 and the adjacent transmembrane helices,
M1 and M3, promote coupling between the agonist site and transmembrane
gate, while weakened interactions inhibit coupling. Here, we explore in detail
the functional role of M4 in the gating of two prokaryotic pLGICs, GLIC and
ELIC. Ala mutations along the entire length of M4 typically inhibited channel
function in GLIC, with the strongest detrimental effects occurring in the C-ter-
minus along the protein-facing surface. In contrast, Ala mutations in ELIC typi-
cally led to enhanced channel function with the strongest potentiating effects
occurring closer to the N-terminus. Sequential C-terminal deletions of M4 in
GLIC led to the abolishment of channel gating and/or trafficking to the cell sur-
face. In contrast, C-terminal M4 deletion mutants in ELIC still gated open in
response to agonist, while deletion of eight or more residues led to fast desen-
sitizing channels with gating kinetics similar to those of alpha7 nAChRs. Our
results highlight the importance of M4 in channel function, but suggest M4 in
ELIC and GLIC have divergent roles in the gating of each prokaryotic pLGIC.
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GLIC is a proton-gated bacterial ion channel from Gloeobacter violaceus and is
a member of pentameric ligand-gated ion channels. Recently structural infor-
mation of GLIC in open (acidic pH) and closed state (neutral pH) has become
available (1,2), and the gating mechanism is discussed based on the structural
information. However the dynamic information of each state in physical point
of view is not available. Here we used the diffracted X-ray tracking (DXT)
method (3) to detect the motion of the extracellular or transmembrane domain
of GLIC. DXT has been considered as a powerful technique in biological sci-
ence for detecting atomic-scale dynamic motion of the target protein at the
single molecular level at several tens of microseconds time resolution. The dy-
namics of a single protein can be monitored through trajectory of a Laue spot
from a nanocrystal which was attached to the target protein immobilized on the
substrate surface (4,5).
DXT observation was performed at BL40XU in SPring-8 Japan and showed
that tilting motion of the transmembrane domain of GLIC and both tilting
and twisting motions of the extracellular domain of GLIC were enhanced in
open state (acidic pH). The detailed information on dynamic will be discussed.
[1] N. Bocquet et al., Nature 457:111 (2009)
[2] L. Sauguet et al., PNAS 111:966 (2014)
